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Abstract 



PROBLEM TO BE SOLVED: To improve the voltage amplification gain without increase of a load impedance by 
providing a first load resistor where one terminal is connected to the second polarities of first and third transistors 
and the other terminal is connected to a first power line, connecting one terminal to the second electrodes of 
second and fourth transistors and the other terminal to a first power line. 

SOLUTION: A differential amplifier is provided with a p-type MOS transistor TP 3 which is connected in series 
between a power line to which first voltage VDD is applied and an installation line to which second voltage is 
applied. PMOSTP1 and TP2 of differential constitution, n-type MOS transistors TN1 and TN2 of the differential 
constitution and NMOSTN3 are also provided. PMOSTP3 where a source electrode is connected to the power line 
constitutes a first constant current source and constant bias voltage VGP is applied to a gate electrode. NMOSTN3 
where a source electrode is connected to the installation line constitutes a second constant current source. 
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PROBLEM TO BE SOLVED: To improve the voltage amplification gain without increase of a 
oad impedance by providing a first load resistor where one terminal is connected to the 
second polarities of first and third transistors and the other terminal is connected to a first 
Dower line, connecting one terminal to the second electrodes of second and fourth transistors 
and the other terminal to a first power line. 

SOLUTION: A differential amplifier is provided wrth a p-type MOS transistor TP 3 which is 
connected in series between a power line to which first voltage VDD is applied and an 
nstallation line to which second voltage is applied. PMOSTP1 and TP2 of differential 
constitution, n-type MOS transistors TN1 and TN2 of the differential constitution and 
MMOSTN3 are also provided. PMOSTP3 where a source electrode is connected to the power 
iine constitutes a first constant current source and constant bias voltage VGP is applied to a 
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A. Relevance of the Above-identified Document 

This document has relevance to claim 1 of the 
present application. 

[CLAIMS] 

1. A differential amplifier, comprising: 

a first transistor of first conduction type, including a 

control electrode which is connected to a first input 

terminal; 

a second transistor of the first conduction type, 
including a control electrode which is connected to a 
second input terminal, and a first electrode which is 
connected to a first electrode of the first transistor; 

a third transistor of second conduction type, 
including a second electrode which is connected to a 
second electrode of the first transistor; 

a fourth transistor of the second conduction type, 
including a control electrode which is connected to the 
second input terminal, and a second electrode which is 
connected to a second electrode of the second transistor, 
and a first electrode which is connected to a first 
electrode of the third transistor; 
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a first constant current source provided between the 
first electrodes of the first and second transistors and a 
first power line supplied with a first voltage; 

a second constant current source provided between 
the first electrodes of the third and fourth transistors and 
a second power line supplied with a second voltage; 

a first load resistor including a terminal connected 
to the second electrodes of the first and third transistors, 
and a terminal connected to the first power line; and 

a second load resistor including a terminal 
connected to the second electrodes of the second and 
fourth transistors, and a terminal connected to the first 
power line. 

[MEANS TO SOLVE THE PROBLEMS] 

The following will briefly explain the outline of a 
representative example of the present invention. A 
differential amplifier according to the present invention 
includes: a first transistor of first conduction type, 
including a control electrode which is connected to a first 
input terminal; a second transistor of the first conduction 
type, including a control electrode which is connected to a 
second input terminal, and a first electrode which is 
connected to a first electrode of the first transistor; a 
third transistor of second conduction type, including a 
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second electrode which is connected to a second electrode 
of the first transistor; a fourth transistor of the second 
conduction type, including a control electrode which is 
connected to the second input terminal, and a second 
electrode which is connected to a second electrode of the 
second transistor, and a first electrode which is connected 
to a first electrode of the third transistor; a first constant 
current source provided between the first electrodes of the 
first and second transistors and a first power line 
supplied with a first voltage; a second constant current 
source provided between the first electrodes of the third 
and fourth transistors and a second power line supplied 
with a second voltage; a first load resistor including a 
terminal connected to the second electrodes of the first 
and third transistors, and a terminal connected to the 
first power line; and a second load resistor including a 
terminal connected to the second electrodes of the second 
and fourth transistors, and a terminal connected to the 
first power line. 
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larvae, 7*-/Urs/ K#*=-Ki!it&3f 
fi, fllxli, TIE*!* W) lcfa«$;h,TV^. 

(-f) 'A 70-MS/s HOmff 8-b CMOS Folding and Interp 
olating A/D Convertor' IEEE JOURNAL OF SOLID-STATE 
CIRCUITS VOL. 30. NO. 12, DECEMBER 1995 P. 1306 

[0 0 0 3] 

l%mW9:^l:o i1"5!!SH] frffiA/D£&#©» 

ri 5. *LT, tufEA/D£&g©rtS|S|El 

S&t LT(&B$ ti57t-^f^ F*x=t-mi£®& 
©«EJHBfiJ#£*t < fafcJ&fctt, 7t-;l^fy K 

fl&ffi©gfc££«:*#<1-S&g#fc5. LjJ>Lft;SS 
Sr^:%<t5i:ffl^yf-^yxis^t<^») x 7* 

Ktt^ l5ISffi*S^0K®^Sr»»1-57t«>lc^Jn.7t 
iOTNfc!), *3S93© Still, SS)J#4Ig|c:fc^T, ffi 

5 w t icfcSo 

[0 0 0 4] tfc, *£W©«i©Bti»i, tttMWc**^ 

*5 r. b » »TIBt £5Sf&£»ft1-5 r b KifcS. 
[0 0 0 5] **HettOB A/D£&& 

[0 0 0 6] *fc, *5g3f!©te©@tili, EfigElwfc 



(5) 

s*s r b b t£*m* i m-tz> C b 

[0 0 0 7] Sfc, *3&93©te©StiM\ lt12A/D£ 
5. 

[0008] *«w©friE!0:e>Tj«Ki-t©m©Bfi<jti8f« 

fc*«Ht, *K»*©fE^t«&#0E{cj;o-C?§t>;o» 
[0 0 0 9] 

T1E©«9 IP*k *»WHt, £WMHK:*Vt 
t, WJ»«a^*l<0AAiSHf-lw»«Stt5Jilli»«l! 
1 © h 7 >Vx 9 b , «!««& tf* 2 o fc 

sasn, »io««*inEjiioh?i'^*o»i 
©*«£&« sji,* us 1 ajestom 2 © h 7 y 

mm \oh7Wx9o%2 ©ttnic&s? s^sss 2 

% 2 V3WSXZ.miL £ tlt> % 4 © h 7 V S?* 9 -Qh o T, 

n 1 ©w§#«n2Si 3 <o h 7 y 9 <d% 1 (Dmsicg 

*5lTjt^2oh7y^;?©mi««t, sriroflJEtf 

SSWt, WE«3i8J:W«4oK5>'5?^^oj|l«i 
«2©«EiJSfi]J0SJx5»2©«j|jEitlt©IWtS&R 
$n5m2 0^««2It > -*©«HFas|WEJIl*J:V 

30 45itnESioajiiji8icgiK$n5mi<oAWSSti:, - 

*<0«^ 45|5fB^ 2*J«tTJtB4©h7>i7^^©B2® 

[OOlOlifc, **Wtt, ^»lt«ill{ct5V^T, $J 
IPW^JI 1 OA**KFKW»*K*J| 1 *SS©^ 1 
©hyy^^t, M»«fliSSj|l2©A*«^K»«* 
»l©«f*ttWlll©h?>^^oJlllo«i 

K«*4H5jii»taoj|2oh9v^^i:. mm 
nmm 1 <o a^js^ksbwi 5 « 2 m^neis 1 

%3V3h7>*x9b, mmmm 2 ©at^s^ i-s 

»2«ffi^fi&IE*2©h7V5?^^©JR2©* 
Sl-Sli^$TV5^4©h7y^;5'T*)oT, ®1©S 

ffi^t^iEB 3 © h 7 ^ ©m 1 ©metc^^tvs 
m2«aa©B4©b7>^?t, ins^ifciTjt^ 

2©h7>'v**©irit?IIi:> mi©«jE453]Jo$ri, 
5^ 1 ©«iHilSi V3m\z.MM.£tiZ>% 1 ©^S^illi:. 
St!2m3*JJ:Tj!^4©h7>'t 7 x^<omi®eii:, ^2 

<DmmimM $ n 5 * 2 ©mjasi t ©raics^ * 

50 2©^«atjSfc > mi©««i 5 ltIffi»lfcJ:VSB3©h 
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rxnzmto snss 2 sits©* soh?^ 

>***©« 2 fffifcgKBteft, tt£a«?tftMEJR 1 
#»41*S. 

[0 0 1 1] *fc. #3S9il±, *WIMb*V*-C, 65 
Ell 1 ©£#*£&©-:#•©«&? , fcS^tt, f&ESf2© 

4«r#«41-*. 

[0012] *&9Jii, SttUffWcst*?. Sir 
Jem 1 ©**fflft©-#©»?-fcSMSji$Jl l ©aw> 

[0 0 1 3] tfc, #£§Utt, ttfeHMCtt^C. It 
EM 1 fc itfl? 2 ©Affifcttl-ttx-C, f6fii*#le]8£ 

[0 0 14] *fc, #S§9Htt, SftiMW£*v%-C. IS 

e* i o&utxomit* (in, weh i ©jfem 

miO«IHI» (I 2) 41-5 it, IKI2tr*£ 

[0 0 l 5] Sfc, JfcWKc*v»T, MM 

fftf* 1 ©A*«* fc«S|Eaii5J|I 1 »SM©» 1 © h 
y > *S* 9 1 , M«im«i^^ 2 © A*** fc«K * H, 
£ l ©ttftfttEfl lohfy'Sxfafgi ©«arc* 

»$ti5*i*flffi©*2©h7>^?t, mink 

#*U©A2j*mc«lfc**U !?2®fSa5tffiEaiie>h 
?y^^©*2©»BIICffitt$ix5IS2*«S©»3 
©f7yv>7,*4, «!W«iis»2©AAig^K:gSRS 
ft, $ 2 S&iStfrEIR 2 © K 7 V * ©IS 2 ©«SI- 

WEH 3 © h 7 Vv>7 *©|S l ©WifcgSWSft* g 2 
aWSoJMw^vs?***:, t&Em 1*5^^2© 
YyV*s*9<r>%\W&k, JU©*EE#3Al£ii3J| 

\<r>wmtmK&mhz%\o%.%mi:> site 
*3fciv*4©h?y^^©»is«t, ^2©a 

£«SMS4, filEmii3<fcU ! 3S3©h5>'S>7:?©f&2 

«iK«iis*i«jiioia**Ffc» KrE^2*j±vm 

4 © h 7 9 <D% 2 Sffifc8&«$ft5J& 2 ©JJtfjffl 
*4, SB 1 «S#tfiESB i <D%®M\zm®£ti, &2«; 
Si 5 WE* 1 © aWSg? (Cg$ £ ti 5 Jff 5 © h 7 V 7 

nfcot, H®m«#g2©aw$*KS&&£;ft$3i 
i »ma©3? 5 © t- 7 vv'^ 9 4 , % i ueis 1 



(6) 

i h*n i »mM©*6 © h 7 

7.91, tt»llloa**ffcttEJI2 0fltti#3 ! -fco 

^tSr«t5ri*WRt1-5. 

1 ©A^sS* iclfeRiiiSft 1 #«S!©g 1 © h 
yy**9h, fiM9«aii5»2©A^«B : lcgSK$n, 
H 1 ©ttK#tM&JB 1 © h 7 > i?* * ©S 1 ©ttStcg 

io &£tiz%im%.M<o%2<D hy y^*9 umnm 

#J*1 ©AA*f-fcil***k *2lffiiJt5Emi©h 
7>***©$2©Sffifc8«$it5SS2**l!©$&3 
©l^7>i>7*4, «HfWf*<Jff2©A£Nmc«ft3 
ft, »2«S#l&E*2©h?v^^©m2©«fliK 
&m.ZfrZ%,\<0}-yV i Sx9-<!hoX, now 
8&E»3©h7^7*©fll©Wi£&&£ftS&2 
**ffl©*4©h?:/5>**i:, ttEJ|Si*J:tW|2© 
VyyV*9<r>%\W&b, %\<oW£.&f%m$b.%% 
l©*W*4©HWHteft«*l©;fe«««4, ME 
20 *3fciUS4©h7X^^©|gll«fc. £2©* 
E«s^$}i5|g2©«Si«4©raKiSllK$h,5lg2© 
*i©«SisttE*li3j:Tjf*3©h7>' 

*j>x9<ajk2W&\cimzh. ^»m«iic-«©»i© 

r ^«E«ssain*iis* 2 *mS!©* 7 © h 7 y 
*9t. % 1 ©SffiiSlfrE* 2 *J J:t;lS 4 © h 7 ^ ^ 
* ©35 2 **C8tt S *i, SJ» Wili-*©* 1 ©/M 
r^«Ei5fPJB*ix5*2*«i!©IS8©h9>'^? 
4, IWE*7©^vs***©*2MfcJM*3ft5» 
l©a*«^fc, ttEIB8©f7V^7.^©S2*8llC 

30 mzixz%2<Dtiimi-k, *i«sssi?rE*i©a 

JBi»^SfeB!*it, H2 M^ttCJI 1 ©aW7*Hf-C8ai 
iti5S5©t-7V^^t?foo-c x ^iffii€fiias^2© 

4, »l«ffi^iaE»l©WR»Hft«*ix, *2ms 
asKrEm 2 0tftMI?£ttRSii5* 6 © h 7 

»«l©J|6©h9v^^fc. itEmi©m^48l : f-4 
WES&2©ffi#«*4©ffflfc8SRSiv gf^Krtli* 
v 4 4 5 ^ 7 f- > ^ 4 Srfil 1 5 £ 4 * *ff 4 f 

40 5. 

[0 0 17] *»W(±, tfcttStfcV^T, «uE^ 

Zhyyi>x9-?hZ>ztiimtt$. 
[00 1 8] *fc, ttWfcfcv^-c, fiirES 

1 ©SttiftjHwSSEttS: (II), I5EM 1 ©^S«5J1 
©m«*t(I2) fctSitv Il<I2fc}££l-5 

[0 0 1 9] tfc, **Wtt, T1-n^A*ff*t]Jf* 
©*-Y$y^T-^V7"y v^-t$T/HEgS4. tuET 

so /H0»a»e>«m*«Et. vyT^yy-n&tztt®. 
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1-5«Sfl©Jfc«*i, l(ie&tW*>&0tttttJA*? 

DMWfcfcwc, tfrEJt&Slfi, S&EE8©M:tfc£-e 
10 0 2 0] tit. *mf±, Wk7i-riy*J]{8*Z 

JEEfc, fc-fctf, «ET/HB*a»e>©a*tttH#«EEfca! 
*g ]) 77 \'V7,%E3rti\ J i\,'<lV>s7 htZ \>"<A">7 
MSBt, W12W"«^7Mg«rA^03Effly77W> 

M!»a»e>©i2fiy 7 7^>X&B&1£ttl' 

iSffi y 7 7 u v*se t mifcfz y 7 7 n^mrai 

WET/HEIB, ttttff. fcitf? yf-EJI 
fc***.5A/DSM»W3^T, MEE«c©it»3gT 
[0 0 2 1 ] *3MItt. A/D«ft*fc*IW-C, 

Kte u^/w->7 h mutt. 94 a— mm £ hit-*to 

©H»ii4I3&-e*o-t, JH©AA«*fc3Ettttta«E 
#epJn£iV m2coA^*S^lcjEfty77^>'^UEJi s 
f?JD$ft5Sgl©3l»$««k j3it«|loA*«HF-lc 

[0 0 2 2] Wt % *3&Wl±, A/D««»Ki3V^T, 

[0023] *fc, *%wtt. A/i>mmm*.5* 
mwm®&mx-s>ix, kuba/d^jmiii, wis 

e*0A/D£JM|-e*5£fcfcfc«i1-S. 
[0 0 2 4] *fc, **9!li> Ti?fi^%ZEMi-5 
Em&fci, ltHSE*«fft7*i?i'/Ht#*IB«1-5# 

■fKtHL¥at«:A<W5E«Sa-CjS)oT, fuE&fcH 

%, 7^?/Hl^lc3E»1-5A/D«»SS:^r1-5E« 
SMlc^T, SuEA/DX&Utt, MEE4£©A/D 



(7) 

[0 0 2 5] *aw»±, b*36iu-*jv^t» «re 

[0 0 2 6] 

[«?U©§SiS©7lHt8] SIT, Effi*#iIL-C*&E©fl 

io [0027] [hjsojssii] iiu. i&m<o-m.<» 

jtttojgaoftttittflwii. is i ©mm (vdw mm 
zhznmyjy (fHKommm s&2©«e cg 
nd) mtoztiz&i&7'(> (%2onmm t<om 

|C, EflKttRSitSpSMOSl-?:'?*** («T, 

PMosfciws. ) (tp 3) mmm&oPMo 

S (TP1, TP2) t, ifiisltfflnSMOSh7y 

OUT, NMOS kft-fZ. ) (TNI, TN 
2) NMOS (TN 3) 7- 
20 zWSttfiBMyJ >\cmfgt£tlZ> FMOS (TP 3) 

|C-*(D/VT^«E (VGP) #BMioSii5. P3«S 
Id, y-^ttffiisaa^^Vlc^a^tvSNMOS (T 
N3) tt, |g 2 ©5taS»«fi£1-5 *>©"?£>?>, 
K«»c-J6©/<-fT*mE (VGN) i s SliD$H5. 

PMOS (tpi, TP 2) ©=S-y-*S«ti\ 
PMOS (TP 3) OKWV«ttKKBK*n, PQ« 

NMOS (TNI, TN 2) ©€-y-^«fiiH:, N 
MOS (TN3) ©KWvmffifcg&ft 5*1.5. 
M [0 0 2 8] it PMOS (TPI) OKK^tS 
tt, NMOS (TNI) ©KWyfcWcfciESJiai 
tfcfc, PMOS (TPI) ©y-hmSt, NMOS 
(TNI) ©y-hmSiti, ^l©A7JiS^ (IN 
P) fc&lfcZtli. PMOS (TP 2) ©KU 

'fV-mffitt. NMOS (TN 2) ©KW^WfillwgiK 
Ztii, t it Id, PMOS (TP 2) ©y-hfl&t. 
NMOS (TN 2) ©y-hftffiitt, fS20Xtl^ 

(inm) tsa«$tu5. 

[0 0 2 9] $f>lc x PMOS (TPI) ©KWV« 
«o «i (£fctt, NMOS (TNI) © >WS) 
V*74>bonK* MtB& (Rl) tNMOS (T 

N4) toi&im&mmiM. NMOS 

(TN4) IS, V—zW&iK PMOS (TPI) ©K 
WVftffi NMOS (TNI) OKMVi 

tt) KKytl#**lt8 (RD 

PHilC % PMOS (TP 2) OKW^ffii 

(£fctt, NMOS (TN 2) ©KV"f^m® « 
tS7^vt©^|e: s ^WSm (R2) tNMOS (TN 
5) t<D\SM®i6i i &mZiM. nmos (t 

so N5) 14, V-^ttSiS, PMOS (TP 2) ©KW 
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y%m (*fctt, NMOS (TN2) OFW^tl) 

lcMft£*U KW^M8S (R2) 

tlio *fc* NMOS (TN4, TN5) ft, h 

wsk\z-fe<D'<<{TxmE. (vb) as8«niSft, se> 

|C % NMOS (TN4) OKW^«*tt«2 0ta*« 

T IUU1HU <>-, Ul'"/ i • * •< - 

tMSl©a*«* (OUTP) w<0NM 
OS (TN4, TN5) tt, PMOS (TP1) OYV 
-ivmm (*fcl4, NMOS (TNI) OKKVt 
&) fc, PMOS (TP2) OKW^tl (Sfctt, 
NMOS (TN2) ©KW^Sffi) £-5£»®JE(Cff: 
PMOS (TP1) OKW 
(*fct4, NMOS (TNI) ©KWVtS) 
fc, PMOS (TP 2) roKM^tl (*fc!4, NM 
OS (TN2) ©KW^mffi) ©mffi#-3tl-»»* 



*»i«*SS©fiftfcSlH1-$. ffiU RH*r«*fc1-5fc 
PMOS (TP 3) 48Hi3S8fc& s 2 • I, NM 
OS (TN3) fc«Eft5*S£;6 s 4 • I U 
*fc, (Rl, R2) <nmmxi.Mz-R.lb-f 

5. tWBJSl©A*i*T- (INP) i:g2©A#48^ 
(I MM) iJ-FnJD5Jv5- > -^^S"?" <n1 ^^ s ^ — (V) 
©*&tt, PMOS (TP1) iPMOS (TP 2) fc 

tam.4«tr±B- (i) -efco, nmos (t 

Nl) irNMOS (TN2) k &ffltiZ>MM\>Wl— (2 
o -I) Vhio Lfc#oT, Aftgft (Rl, R2) £ 
**i6«SEfcfl- (I) £45©T?, IliOffl^ 

(OUTP) iS2<0ffl^«g^ (OUTM) i©K©« 
&g (VOUT) 14, TE (1) 5 1, W— 

(VOUT=0) £45. 
[0 0 3 1] 
[»1] 



iiS*fttM5*4v\ 
[0 0 3 0] EAT, Hl*r*ISL.t\ *3ttlo»1B«)S * 

VOUT= (VDD-RL • I) - (VDD-RL- I) 

= 0 CD 

* (INP) fcPpaS*v5A*« 20jS StiSttt (I + i i o + i i p) 



**ftt8t (R2) «r 



*©*£# (V + Av) , *2©A*«-T- (INM) IC 
BOBSiiSAAff^roWE* (V-Av) P 
MOS (TP1) **h.«Wttt (I-A i o) , PM 
OS (TP2) trWlSWEM: (I+A i o) k*9 , 
$fc, NMOS (TNI) fcSfcftSttifttt (2 • I+A 
i p) , NMOS (TN2) SrJth-SSJStt (2 • I - 

A i p) i45. Lfc#o"C, Affttft (Rl) 

VOUT= (VDD-RL- (I-Aio-Aip)) 

-(VDD-RL- (I+Aio + Aip)) 
= 2 • (A i o + A i p) 
02 14, iuSEXtt W) KS+flaeo^^-A^y K* 

*X3-F7>m gfili*S@KS:«^i-5PMOS 
(TP1, TP 2) iEWfc, NMOS (TN6, TN 
7) #8SKS;h.-C^5.£-e, *||li£©jgl8©giti#*PS 
tWatfS. wit, NMOS (TN 6, TN 7) tt, 

*K£m^®£*&i-5 *>©-<?*> 9, y-hmsfc-^ 

(O/UT^nS. (VGN) *53Jn$H, FW^ 
SSiSPMOS (TP1, TP 2) ©KWVftffifC, 

[0 0 3 3] ETF, ■2tr#*U'T, ft*©7d— ^ 

«j*fci-5fc*fc, PMOS (TP 3) ZrniZnfaV 
2' Is NMOS (TN 6 , TN7 3) SrSfcftSSflW 5 
2 • I-Cfc5fc«feU ^WSSi (Rl. R2) 
©»Sttel4#fcRL£1-5. f(r!E& 1 ©A^ffi? (IN 
P) i:S&2©A*jSSfiP (INM) ilcBtfni3*t5A2rtt 

#©mff^p- (v) ©aw-rt, pmos (tpi) t ★ 



jfoft5«SSl4 (I-Aio-Aip) £45. *©fc 
*, TE (2) Slo^l-ipic, *i©titfJ*f- (OU 
TP) k%2<T>titf]Wfr (OUTM) k©W©«tt3S 
(VOUT) 14, 2 • (A i o + A i p) • RLift 

[00 3 2] 
[»2] 



-RL (2) 

★ PMOS (TP 2) k $*ft5«8ti4P- (I) -Cfc 
9, *fc. NMOS (TNI) fcNMOS (TN 2) k 

mtiinmhrn- (2 • i) -c*>5. ufc^or, * 

Wfitt (RL R2) &«Lft5SSKt>i3- (D £45 
©-C, Jgl©HtfJ*Hf- (OUTP) £S2©titfjffi^ 
(OUTM) £©B©Sft£ (VOUT) 14, 0 (VO 
ut=o) £45. rr-e, »l©A**f- (INP) 
fcfWD$ft5*;Wt-f|©«Ea s (V + Av) , H2©A 
(INM) £M$ft5A#*I-S§-©«£2 s (V- 
» Av) £fc5£, PMOS (TPI) £ifEft5SS&f4 
(I-A i) , PMOS (TP 2) $:8£ft3mi£t4 (I 
+ Ai) t45©T?, *W»(t (RD SriftftSSSftri 
( I + A i ) , ^WfiK (R 2) £JEit5«SEl4 ( I - 
Ai) t45. ^©fc*, TE (3) 5 
^l©lti^«i^ (OUTP) k%2<»mfi%fr (OUT 
M) t©BB©Sffi^ (VOUT) f4, 2 • A i • RLfc 
45. 

[0 0 3 4] 
[S3] 



VOUT= (VDD-RL- (I-Ai)) 
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- (VDD-RL 
= 2 • A i • RL • • 

MB (2) *, <3> 5 c» *** 

-K7>^K*V»T, AWfifc (Rl, R2) Cfgftfi 
*HJ6©7^ll8oia6Jiffigl4, fcfco 

IMWS^%Wi««iK»: (4 • I) TfcDv wft 

Gm=gm (TP1, TP 2) 
fl*tf» *3llS©JBffi©g»iiBSfc*S^T, TIE 
(5) «Sr§SJEt5feOi1-5„ 



(I+A i) ) 



(3) 



* [0035] *%%<j>m&<r>m&®!&<r>m-*vy9 

(Gm) ft, TE (4) *fc35H"i5^ PMO 

s (tpi, tp 2) -emf8.£iMmi%m®&onK 

(gm (TPI, T P 2) ) i, NMO 

s (TNi, tn2) ?miitisti&mmm<oHz: 

a*s999*s* (gm (TNI, TN2) ) fc©firc& 

io [00 3 6] 

* l»4] 

+ gm (TNI, TN2) • • • (4) 
% [00 3 7] 

* [fc5] 
I (TN3) =2 • I (TP 3) 

Ve (TNI, TN2) =Ve (TPI, TP 2) 

Ve=Vgs-Vth (5) 

fiU I (TP 3) It, S««*»^1-5PMOS ★lloMWHWOttEay^^yx (Gm) It, TIE 
(TP 3) £J:9ft*£ftS£tt9t0«Ktt, I (TN (6) SCOJ: J 

3) It, £fl;fflISr#|j£-t-5NMOS (TN 3) KRV* 20 [0 0 3 8] 

&*ft5ft«»©«»!u vg stty-h • y-*ram iscs] 

ff, VthltHttSjETfeS. £©#frC, 

gm (TNI, TN 2) =2 • gm (TPI, TP 2) 

Gm=3 • gm (TPI, TP2) (6) 

sfcx *m&ofc®<Dmi%is&<Dn&%ffi$m (g * i o o 3 9 ] 

a) ft, TIB (7) ©t?K:*£ft5. £ [&7] 

Ga=Gm • RL 

= 3 • gm (TP 1, TP 2) • RL (7) 



*- /vfyV*x=-Y'T>7KiS^X, (R 
1. R2) ©Sfctetf-fcitSi, *£i£©»«l©li 

fctf-sT, *HJ6©J&ffi©MSUt<I3i-efi, ffiftftfc 

#€r|6]±$-fr5rfcA5T'f 5. 4*s, *Hil©Jglit©g 
ftiMMc*lvC, H3K*i"j:5fc % £ffr&fc (R 
1, R2) fcft*.T, PMOS (TP 10, TP 11) 
T*l*Sit5lMMliriaKt:*W-r$£i:fc-C*3. * 

r©##fi, * 2 (INM) tit, fflW-f 

v\, 

[004 0] 

[*1£©JS1§2] a 4 it, 4&9iro?HKeKft2«)jttt 
«wHBHII**r*f|g»H-C*5. #HiS©^lg©ittfc 
Hit, iil^S (ftffEUft) ©MfttftteXftOTlMI l © 



• RL 

30 »ll©Mtf»fco^-cRli-r5. *mo£ttottttS 
It, HlK^tAftfift (Rl, R2) tetter, PM 
os (tp 4, tp 5) ::t, PMO 

S (TP 4) ©•/- hmSlt, PMOS (TP 5) OK 
W ^MKlMfcSJl* PMOS (TP 5) <Df 

-MS It, PMOS (TP 4) ©KWvmffifcS&fc 
3*15. SfefC, PMOS (TP 4, TP 5) ©KM 
V«ffiOHt, PMOS (TP 6) :© 
PMOS (TP 6) ©y-hWHltt, ?n ? ?fif 
(CP1) i5gjJns^5 o 
40 [004 1] BIT, ;|^O£tt0JttHM!>ttff*KH 
1*5. tvytim- (CP1) iSLowW^/W (BIT, 

Lu^iw-s. ) •efcST'yrvTWWCHt, p 

MOS (TP 6) ttst>*h9* A^J^ (INP, I 

nm) mtBZtizfs*nz\cj:zfettm uio, 

A i p) ft, PMOS (TP4~TP 6) SrSth.5. W 

(LI) frXJiSfttttf (I+A i o+A i p) , gg& 
(L2) $rdEtv5m«t7JS (I -A i o-A i p) 

t+at, pmos (tp 5) zmnnma-tottp 

so MOS (TP 6) imtlZ. Z.<D$&\Z X PMOS (T 
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P6) O^^fiStlCit), tfcWTf (OUTP, OUT 
M) (Vout) &£.Z2>. fttr, ruy? 

ffi-f (C P 1 ) #H i g h 1"</W (£IT\ H W^Wfcf* 
) -?t>i7-yi-Wlftm^ PMOS (TP 6) tt 
*7i&9 % ft^-mSS (A i o, A i p) It, PMOS 
(TP 4, TP 5) 5rS£tx5„ miim 1 ? 
(OUTP, OUTM) ffi<on&.m. (Vout) fci 
0, PMOS (TP 4. TP 5) KJEjm&frfrilt 
tH^SS-f (OUTP, OUTM) <om®M (Vou 

t) <DS<ii5l4^jn5„ fl*.tf» -fvry^m 

lc % £2<Din;ft«* (OUTM) tfffimff, HKDtttt 
iS* (OUTP) tVtW 
Mil, 3r2<Dfn7jJ8^- (OUTM) ©mE^y-hSS 
KlWlD£tv5PMOS (PT5) #j;r) 5 

ipicift^L, *rt, 3n<o!ij;W? (outp) <n>% 

£E^-hmSlwBJ7J0£ft5PMOS (PT4) #£9 

(outp) asiOiumjE, ^2oia^!ffi^ (ou 

TM) >J5J;»)fimEt)i5o 
[0 0 4 2] a 5tt, *HiSo^li©Jt$SI§Oij^S:, 

li, ^yflWC, nicotic?- (OUTP) fc«t 
XI%2<D^7J^=f- (OUTM) (OUE^ji^ic^o 

ft^ic, mi©ta^«^ (outp) *5«tx^m2<oai^i 
^ (outm) ows.im^oms.^Mzmm-i 

[0 0 4 3] rroijt, *HJfi<0^fficDitRS^J:i% 

£9, #3y&<b^flg<oit«8-efi, mg«7J -a- 

[0044] [USSfO^li 3 ] g 6 tt, *HK WIIJSO 
Jgffi 3 ©7 7 y >>*S!A/DX^I§©aBWSj«Sr*1-^ 
cy^at?J>5 0 #HJ&<DJBflStt, ffrfEIU&<^ffi2<D 
OUTP= (I Pv-RPv) 
OUTM=- ( (I Pv-RP 



IS 

*Jfctfc!g£^Lfc77y->*gA/D3E&S&-efcD. ^ 
@|r*5VNT, 1 ttT/H (Track and Hoi 
d) UK, 2f±!)7r UV*mffi?§£EI8&, 3ttV-^/w 



w^T, IPvttAMf (INP) fCA7J$*v$B=§ 
AT^-fS^ IMvttA^S^ (INM) IcATJSft 
5j£*BA7j{S#ftE, RP vtty7rL->^«jEA^« 
=f- (RP) I^A^^nSjEtsy^T^^^mE, RMv 
tt!J 7 7V>^1EAA^ (RM) iCATJi* it 552*1 
U 77 U' 5. 



4 *3«tUt7 y 5 <OlHl»*fi!tSr^1-|iIB&ia-efo 9 . 

^1-|3T£>5. Elf\ 0 7, B8£ffl^T, #HJS©?g 
■o liOA/Dg^OfiflMCo^TfftEI-S,, nil 
A/D£&S§(0t^F«£t1-5„ mhTi-n^Atl^ 
(A INP. A INM) It, T/HlHlKll-ioTIr-^ 

yyyyzti, (2«-i) sa^sw^wv^Migs 

3(OA73ffl^ (INP, INM) ld*iilcA73SJv5 
(S 8 ©©#$) . 

[0045] y7TisyznzmtEii£2ti, znm* 

T^a^A7jffi^7/vSffi(^f^-r5UE (VRT, 
VRB) #A7J$iV (VRT, VRB) 

(2") 3?#Lfc«JE :©P77U^t 

7 Y®&zoy 7Tyy*ns.\7im=f- (rp, rm) 

<0«-*t^A7J$it5. 

[0 0 4 6] U-^i/7 MSB 3 ttU *V KftR $ 
llfcNMOS (TN2 0, TN2 1) SrA^flalKi: LT 

-*©^»liglHlKS:#^1-5NMOS (TN2 2) <T> 
f- fmffil-ttA7J«^ (INP) KATJSftSEffiA 
^-ftfSffr&DJft, NMOS (TN2 3) ©7*-hSSi 
ldtt!)7r^^«EA73^ (RP) IcATjSftSIE 

l|^ielKSr«^1-5NMOS (TN2 4) (O^- hSffi 
tctty 77t'V7«EAAJt?' (RM) lcA^$ii52! 
+gy 7rV>"^«ffa 5 B3SD$^ NMOS (TN2 5) 

coy- bas(cttA7j«g^ ( 1 nm) \z*.7]$hzmn 
Kti^tmm^iM. i<ou"</^>7MaK3t±, a 

7j*S^(INP, INM) *sj:t55 7rv^lEA* 
Sg^ (RP, RM) lcA^$n5«Ed^, TE (8) 
fc*+W*fcfTV\ (OUTP, OUTM) 

40 [004 7] 
* I»8] 

- (IMv-RMv) 

v) - (IMv-RMv) ) 

(8) 

[0 0 4 8] na*3offl*», tt«S 

4(DA7J«T (INP, INM) (CA^§H5. r»tk 
^H4tt, fulEHm<7>^ffi2(OjtSI|-e$>!), Jt«#4 
tt. A73iS^ (INP, INM) I^A73$iX)t«JI(n± 
(S8«2)#S) . IP*>, Jfctfc 
so g4tt, iE«A7J<I#ttE (IPv) %!Em77^y 
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7«E (RPv) %1£\1\"<A'<syYLkME.b. Stt 
A*<t-§-«E (IMv) 7TvyxnEE (RM 

v) »«ttv«^V7 h Lfctffii©**H**JtlH- 
5. 7??-|s!B5f4, #*3-K7 5^8*5 1, RT 
Z?^f-SK5 2, NOR9ff-@K5 3a»e>fll*S 
H, ^ny^ft# (CP 2, CP 3) hfc«H4 

&&CMOSW«*£-CJ|ff1-£. HCC, *xa-K 
7S'^BK5 1f4, PMOS (TP30fcV>LTP3 

3) £, NMOS (TN30, TN31, TN33) £ 

^n^fif (CP 2) aSHl"**©* 
(7!J»fW) l-v NMOS (TN3 3) Ktl/hH 

MffIB (NMOS (TN3 0) fcJlt/NMOS (TN3 
1) OKK ym&IS]) K«&Stf&C5. fclc, *n 
y*flT* (CP1) #Ll"W!>lt [yy^m^m 
fc, NMOS (TN3 3) 14*7 & 4 9, NMOS (T 
N30) fcil/NMOS (TN3 1) It. titfjJS^M© 
tittllfcJ:DlE»iia«j»»i»5*:ft, NMOS (TN3 

0) fcitWMOS (TN3 1) tt, tttfj«*fctitfJJ| 
^ WO«ttJSSrtt* Lfc*EE*HtfrJ-5 (0 8 <«D# 

1) . 

[0049] RTZ7>f-0*5 2tt, PMOS (TP 
34fcV^LTP3 6) £, NMOS (TN34~TN3 
7) £-e*f£$tv, ;njr?W (CP3) ffil^* 
©1$ (P-fcyMMMO fe» NMOS (TN3 6, TN 
3 7) I4*y, PMOS (TP 3 4) I4*7£fc9, P 
MOS (TP3 5) fc'iT/PMOS (TP3 5) ©KW 
-Y>«ffifciAGND2©«JE£fc.5,, fclc, ^d^| 
* (CP 3) #LW**©* (?yfWW) NM 
OS (TN3 6, TN3 7) tt;*-7, PMOS (TP 3 

4) f4;*-V£49, PMOS (TP 3 5) fcitfPMO 
S (TP 3 5) tt. NMOS (TN3 4) fcitfNMO 
S (TN3 5) O^-l-WfcAAStiSAaflWtBE 
*77?-U i^CMOS w</W*?Hf|L-CHtfrf-$ 

(B8©®*J8) . NOR7?^IeI8&5 314, /TEK 
(NOR1, NOR 2) TUMtSlV RTZ?yf-BW 
5 2©tti;*j*fiy$1-5. 

[0 0 5 0] xy 3 -^6ll, (3>"1) ffl©7yf-ffl 

WtJa-K) *-f7*BW7li, T 

/H@Kl, y 7rwy^mE»4@K2, 1~<A^7 

M3B3, tttt*4^©ia»-e^s<£/^rxafffc38 

5rf5. SV^«£IUB8tt T/HEBU, ifc& 
94, 7 7^I3&5, xva-^B^OBK-MHM:* 
vy9 94%v9Qfir (TH, CP1, CP 2, CP 
3) Sr4^1-5o #3HS©ffiaiS©A/D£JM&tt 1MB 
**©»«2©Jt*«4*«B1-5£i:fcJ:0. ffiftt 



(11) 

i0 

3HS©J£tt©A/D3E&&fcJSV*-C, ^ftA^3ft-§-©ft 

t>9fc, *-rov^^AMf ti>oxts< , r.© 
»£tt \"<-W7 MeIK-3 ttt«fc < , ifc$fcgg4 (c 
tt 5^>^A'AAflr*fc y 7r L'V^Sffit aiA* *ii 

[005 1] a 9 14, *3B&©Jgji© A/D£ftS§jJSiS 

Rztizmm<D-wt lta- K7V**£tt©*»&* 

r-f*?lSfil 0 014, 7*4 zty ho — 7 2 1 OSr 
io ;frLT, **f=»>fcr3.-i'2 0 0£8§R;5;h,3. *7 
h3yf a .-^2 0 0i^©§#5i^7 f -^{4, 
^ayhn— 7 210, /n— Kr^^^ = y hn— 7 1 
OlSr^UT, iy3-//7 f 3-^HBl0 2KWl 
Six, iVa-y/^a-^HIKl 0 2-C, 
(fllxtf, 8-93E&8F-SI-) fcgfcSaxS. i©^>-3 

-y/7*=-^iaKi o 2j&»e>esft-*tt, y-K-7 
bryrio3-wi«stbfcii v t^^^in 

— K • 7W hryyi 0 3fc£tfAGCTV7'l 0 4T? 

Sft, A/D^feSl 0 6ICA*$ix5. ^©A/D^ 
Ml 0 6^$>©r-*tt &#«{b*l 0 7-Cfe?gl? 
fcSftfcfc, ^1^77*1 0 8"^*- (g 
*a#) xyn-y/f 3 -«i o 2-Ctccd 
^-^^fcSEftSft, havtfa-* 2 0 OfflSlC 

ta^Siis. rrr, &^{ksii o 7t4, **>9/iA& 

*«31-ePR«fl:S:ff3. *fc, y-K/7-f hPLL 
BK10 9(4, A/DSE*H10 6, ttX^b»10 7 
tJiV^ya-^/T^-^HKl 0 2t?t£^i-5^n 
jo y^flr#t:4<t5. A/D^»«10 6t4, 

tWBIUS©^tt 3 ©A/D3gmS-efc5 0 /n- Kx ^ 7. 
^3>hn-7l01J4, ^^n-T;^- ^ K9^^ 
110, ^tryKw-? K7-Y^l 1 lfcJBMU IS 
SLfc7-^©#tii^, SJ^t±lL©gg©, ««^yK 
1 1 2©tt«ft*«rffV\ 7tfyK/l^-*i 1 
4fr»r5. S9l-^^v^•c, ^f3yii5 

[0 0 5 2] S9t^-t-/>-Kr-f^^^fil4, A/D 
0 6 i LT, KrlE^fS©^® 3 ©A/DS«I* 
« fcffifflt 5 r £ IC 1 ») , A/D3ElfeS 1 0 6 ©BSfl;, 
H^»«*(kSrSj«1-5^£a5T#5©-e, ^- YtJ 
x9&E.±fr<Dfi&fc. *&m%*Jjfc&m&tZ w £ is 
•STIBt'feSo HgtW^^l 2 0rt©#lilK 

t±, (t^toa^Ls 1 1 lt, *-©^5t«iaifiiK« 
n«c. H9<p©£&#i 3 ort©«-[Hi 

KI4, *9W$bML Sit L"C, »-©^ft^S 
ESSSa-Cfll^S^S. *fc, *HH©»ffi3©A/D 

^ftsi4, a 9 YT4X9mwsk9\-\z, ms. 

r-7". 3fe7^7^^a, xv^^/wtrx^r-f *9%\z 

so fcis^^r-fe^o $?>ic, *njg©^fii i ©M»±i® 
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-CfcftV>. 

[0 0 5 3] SLh, 3WM»fcJ:oT44ftfcJMlt\ 

g Sr&& t ft v *&H l-fcv > T«* £2 "TiB"? & * r J: tt 

"?$>*. 
10054] 

[0W©»*] *0Wsv*T0*£iiS3W!© 5 *>tt^ w 
£©ii9T?fc*. 

(1) **;Wfc.tiirf, s«nwfc*i^-c, «mm 

ft. Af^f Vt-yy ***&!] £-fr*rfc ft <U «©• 
«ft]*#*fi±£-fr* £ fc » -sffg fc ft*. 

(2) *%wicj:ixtf, it^mi^x, ffigtftftt 

ft*. 

(3) *55Si:ihli, A/D%&&izH^x. MM 
7J&iS*$-e*ri:ft<, 0f1Sto**6lJh3*5wfc!as 20 
^ffiift*. 

(4) *»Wwi*itf, e*»«c*v*t. ^ss^sr 

r£ft<, ft^iSSS:(Rl±^-B:*-tii 5 ^B6 

ift*. 

[00O0W&R0] 

[h 1 ] -&m<»%%nim 1 ©g»tifis©0s&«j& 

£^1-0B&0-Cfc*. 

[0 2 ] «*©7*-^y Mr* =- FfiifctttffcT 

[0 3 ] i&mvttMvim. 1 <nmmm&<Dmm<o so 

08&#fi££^1-0K0-?i>*. 
[04] *3SI8©3Si6©J&ffi2©Jt&ig©0K*/£fc* 
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1-HMB-C**. 

[05] *36W©IUS©^«2©H:»*o»f^S:»Wi- 
*fc*©&)g0-efc*. 

[06] *»0©J*«©»03©7 7>S'»aA/D*! 
&S©«B&#/?fc£^1-7*n y 

[E 7 j S6iC^ ) i/^y? riin< iL£S-J= iuv 
yf-B*©H««J«**i-BKH-CJ!»*. 

[0 8] 07fc*i-#«J©^W ?y^f-ir— f**rtB 
-?*>*. 

[09] ;W&W©3M3©fc«©A/D3HMftMUB£ 
*i*3HI©-« t LX^- Kt*4 **£fi©*HHft*fc 

l-T/H (Track and Hold) B& 2 - 
3 7xH'*WEE»£0B» 3-U^5/7h0K, 4 
-JtlWBk 6 -oiy 3-^-, 7-/< 

7*011, 8 §V^*&0B. 6 1 •••**=»- 
K7?f@8, 5 2-RTZ7 7?-B0, 5 3-NOR 
7yfi8, 10 1-A 

-K7^^^3yFo-7, 1 0 2 •■=^3—^/7*3 
-^00. 1 0 3 •■•!)-}•'• 74 h7>-7\ 10 4 - A 
GC7V7\ 10 5-7^^7^, 10 6-A 
/DX&H, 10 7-R3WMdi, 
7^ 9 9 * 1 0 9-P — l-PLLBK, 110- 
jjf-Y^a-f/we-^ K7-<^\ 1 1 l-^f^K/we— 
*K7-f/<, 113-8MS7V* 
1 1 4-*tf yKM-?, 115-T/fa^ l 
2 0, 1 3 0 -iHlfMMIBWtMi (LSI) . 200 
■••*^h3y^-^ 2 1 0-7*W**=>Vhn- 
9, TP -pKMOS h7V^**, TN-nSMOS 
b?V^**, R-fifc, I N— A73i8-?\ OUT-ffl 
77«^ NOR-/708. 
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